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Abstract

Background.—Overall rates of noncompletion of treatment (NCT) for latent tuberculosis 

infection (LTBI) in the PREVENT TB trial were 18% for 3 months of directly observed once-

weekly rifapentine (maximum dose, 900 mg) plus isoniazid (maximum dose, 900 mg) (3HP-DOT) 

and 31% for 9 months of daily self-administered isoniazid (maximum dose, 300 mg; 9H-SAT). 

NCT for LTBI reduces its effectiveness. The study objective was to assess factors associated with 

NCT for LTBI among adult participants enrolled at US and Canadian sites of the PREVENT TB 

trial.
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Methods.—This was a post hoc exploratory analysis of the randomized, open-label PREVENT 

TB trial. Factors were analyzed by univariate and multivariate logistic regression (with enrollment 

site as a random effect).

Results.—From 6232 participants analyzed, 1406 (22.6%) did not complete LTBI treatment (317 

NCT attributed to an adverse event [NCT-AE] and 1089 NCT attributed to reasons other than an 

adverse event [NCT-O]). The proportion of NCT-AE was similar with both regimens (3HP-DOT = 

6.4% vs 9H-SAT = 5.9%; P = .23); NCT-O was higher among participants enrolled in 9H-SAT 

(9H-SAT = 24.5% vs 3HP-DOT = 12.7%; P = .02). Among those in the NCT-AE group, being 

non-Hispanic and receiving 3HP-DOT, having cirrhosis and receiving 9H-SAT, alcohol 

consumption among men, and use of concomitant medication were associated with NCT-AE. 

Among those in the NCT-O group, receiving 9H-SAT, missing ≥1 early visit, men receiving 9H-

SAT, men with a history of incarceration, alcohol abuse, use ever of intravenous drugs, younger 

age receiving 9H-SAT, and smoking were associated with NCT-O.

Conclusions.—Factors associated with NCT, such as missing a clinic visit early during 

treatment, might help identify persons for whom tailored interventions could improve completion 

of LTBI treatment.

Clinical Trials Registration.—NCT00023452.

Keywords

medication adherence; patient compliance; treatment completion

Treatment of latent tuberculosis infection (LTBI) can prevent progression to tuberculosis and 

plays an important role in the US tuberculosis elimination strategy [1]. However, LTBI 

treatment completion remains a challenge.

The most commonly used treatment for LTBI has been daily self-administered isoniazid, 

which has a 93% efficacy rate among patients who complete a 12-month treatment regimen 

[2]. However, protection against tuberculosis development decreases to 69% if the regimen 

is taken for only 6 months [3]. The noncompletion rate in US tuberculosis programs for a 9- 

or 6-month isoniazid regimen has been reported to range from 47% to 53% [4–6] and from 

45% to 63%, respectively [4, 7]. A short regimen of 3 months of directly observed once-

weekly rifapentine (maximum dose, 900 mg) plus isoniazid (maximum dose, 900 mg) (3HP-

DOT), evaluated by the TB Trials Consortium (TBTC) in the PREVENT TB trial, 

demonstrated a higher treatment completion rate. That trial reported overall noncompletion 

of treatment (NCT) rates of 31% for the 9 months of daily self-administered isoniazid 

regimen (maximum dose, 300 mg; 9H-SAT) and 18% for the combination regimen, which is 

a significant difference (P < .001) [8].

Discontinuation of treatment can be associated with clinical, social, behavioral, or 

demographic factors. In contrast, certain treatment regimens and clinic characteristics have 

been associated with increased treatment completion rates, including shorter regimens, 

regimens with fewer side effects, clinic features that facilitate patient visits, and clinic 

processes that optimize provider–patient rapport [6]. However, NCT rates might be higher in 

programs or practice than in clinical trial settings.
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In this study we examined factors associated with NCT for LTBI among adult participants in 

the PREVENT TB trial who were at high risk for developing tuberculosis. The results of this 

analysis suggest strategies for improving LTBI treatment completion and tuberculosis 

control program practices in North America.

METHODS

We performed a post hoc analysis of the PREVENT TB trial, which is a phase 3, open-label, 

randomized trial of LTBI treatment. Participants infected with Mycobacteria tuberculosis 
and at high risk for tuberculosis were enrolled from June 2001 to February 2008 at 28 TBTC 

sites [8]. This analysis included only persons enrolled at North American sites because 

clinical practice is less variable in the United States and Canada than across all sites 

including Brazil and Spain (Figure 1). All participants provided written informed consent. 

Institutional review boards at the Centers for Disease Control and Prevention (CDC) and at 

participating clinical sites approved the study protocol.

Participants receiving 3HP-DOT had scheduled visits for clinical evaluation at weeks 4, 8, 

and 12; participants receiving 9H-SAT had 9 monthly scheduled visits during treatment. At 

each visit, we collected data regarding weight, adverse reactions, new diagnoses or 

hospitalizations, symptoms of tuberculosis or of methadone withdrawal, and concomitant 

medication use. For both regimens, we collected reports of adverse events (AEs) that 

occurred within 60 days of the last study drug dose. Adherence to the assigned regimen was 

evaluated at each visit by observed therapy records for 3HP-DOT and by pill count and self-

report for 9H-SAT. Site consent forms were reviewed to determine local monetary 

compensation practices. Participants aged <18 years were excluded from analysis because 

treatment completion by children might reflect parental behaviors. Factors associated with 

NCT were assessed as attributed to an AE (NCT-AE) or to reasons other than an AE (NCT-

O). Factors possibly associated with NCT were organized as demographic (age, sex, race, 

ethnicity, country of origin, education, unemployment, homelessness, history of 

incarceration, or need for an interpreter), clinical (body mass index, human 

immunodeficiency virus [HIV] status, concomitant medication reported at enrollment and 

during therapy, indication for LTBI treatment, cirrhosis [by self-report], or methadone 

treatment), social (alcohol consumption [definition follows], intravenous drug use ever, or 

current smoking at the time of enrollment), behavioral (missing an early visit [definition 

follows]), regimen assigned, or enrollment site. Noncompletion was defined as not taking at 

least 11 of 12 doses in 10–16 weeks for 3HP-DOT or at least 240 of 270 doses in 35–52 

weeks for 9H-SAT. NCT at 6 months for daily isoniazid (6H) was also calculated within the 

9H-SAT regimen. NCT of 6H was defined as not taking ≥162 of 180 doses in 23–36 weeks.

Participants who permanently discontinued were categorized as NCT attributed to an 

adverse event (NCT-AE) if they discontinued after experiencing an adverse drug reaction 

associated with either 3HP-DOT or 9H-SAT that was considered definitely, possibly, or 

probably related to the study drug(s) by the site investigators; they discontinued the regimen 

because of physician preference and had a related AE of grade 2 or higher ≤3 days after their 

last regimen dose; or they developed tuberculosis or died ≤7 days after the last regimen dose. 

Study participants were considered to have missed an early visit in the 3HP-DOT regimen if 
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they missed ≥1 of the first 3 observed doses, followed by receiving an observed dose at any 

time during the treatment period, or in the 9H-SAT regimen if they missed ≥1 of the first 3 

monthly visits, followed by a monthly visit not missed at any time during the treatment 

period. Alcohol use was defined by an affirmative response to a question asking whether the 

participant ever drank alcoholic beverages. Alcohol abuse was defined by a score of 2 or 

more on the Cut down, Annoyed, Guilty, and Eye-opener questionnaire [9]. Smoking was 

ascertained based on a patient’s statement of whether smoking was current at time of 

enrollment. Alternate treatment was not evaluated for persons who discontinued study 

treatment.

NCT proportions were calculated for all factors outlined. Because this was an exploratory 

analysis, we did not adjust for multiple comparisons. Age was categorized as above or below 

the median age of the study population (38 years). Odds ratios (ORs), 95% confidence 

intervals (CIs), and P values were calculated for potential risk factors for NCT. All 

statistically significant (P ≤ .05) factors in the univariate analysis plus regimen, age, and sex 

were included in the multivariate model. Collinearity was evaluated. Interaction terms 

included in the multivariate model were selected on the basis of published scientific 

literature and expert opinion. Statistical interactions were evaluated to determine if a factor 

had a different effect on the outcome at different values of another factor. We used a 

generalized linear mixed model, with enrollment site considered as a random effect [10]. We 

performed backward elimination manually to select statistically significant interaction terms 

and single factors with P < .05. We used Pearson correlation coefficient and a linear 

regression model to evaluate the relationship between the maximum number of doses taken 

and the proportion of NCT and between the proportions of enrollment by site and 

noninitiation of treatment. Kaplan–Meier curves were constructed to show treatment 

discontinuation across the duration of the trial. We compared these curves by using the 

Wilcoxon test, which takes into consideration the different regimen durations.

Data analysis was conducted with SAS, version 9.3 (SAS Institute, Inc., Cary, North 

Carolina).

RESULTS

Of 8053 participants enrolled in the PREVENT TB trial, 1821 were excluded from our 

analysis: 920 from sites outside North America, 592 aged <18 years, 114 who became 

pregnant, and 195 determined ineligible after enrollment. Of the remaining 6232 (combined 

cohort for analysis), 1406 (22.6%) did not complete treatment. Characteristics among 

persons who did not complete treatment, categorized as either NCT-AE (n = 317) or NCT-O 

(n = 1089), were compared with those of participants who completed treatment (n = 4826; 

Figure 1). Collinearity was not identified in either the NCT-AE group or the NCT-O group.

NCT was statistically greater for 9H-SAT (9H-SAT, 28% vs 3HP-DOT, 18%; P <.001). 

Although the proportion of NCT-AE was similar in both regimens (9H-SAT, 5.9% vs 3HP-

DOT, 6.4%; P = .23), the NCT-O proportion was higher for 9H-SAT (9H-SAT, 24.5% vs 

3HP-DOT, 12.7%; P = .02; Supplementary Table 1).
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For NCT-AE among 5143 adults (Figure 1), 317 met the case definition for NCT-AE. Age 

below the median of 38 years, being black or Asian, and lower education level were 

associated with low odds (<1) of NCT-AE; use of concomitant medication was associated 

with increased odds of NCT-AE (1.86). The random effect of site was statistically 

significant, indicating that the odds of NCT-AE varied across sites, even after adjusting for 

other factors. Evaluation for statistically significant interaction terms in the model revealed 

that the estimated odds of NCT-AE in the 3HP-DOT regimen were 3 times higher among 

non-Hispanics compared with Hispanics (P < .001); the odds of NCT-AE in the 9H-SAT 

regimen were approximately 3 times higher among participants who reported having 

cirrhosis at enrollment compared with those who did not (P = .001); and the odds of NCT-

AE among men who reported use or abuse of alcohol were 1.6 or 2.2 times higher (P = .03 

or P = .01) compared with men who denied intake of alcohol (Table 1). The most frequent 

cause of NCT-AE in the 3HP-DOT regimen was influenza-like syndrome; in the 9H-SAT 

regimen, it was hepatotoxicity (Supplementary Table 2A and 2B).

For NCT-O among 5915 adults (Figure 1), 1089 discontinued treatment for reasons other 

than an AE. We determined that the odds of NCT-O were 3 times higher among participants 

receiving 9H-SAT compared with 3HP-DOT, after controlling for other factors (P = .02). In 

the same model, being Asian was associated with increased odds of completion, whereas 

alcohol abuse, use ever of intravenous drugs, and current smoking at enrollment were 

independently associated with NCT-O. The random effect of site was statistically significant, 

indicating that the odds of NCT-O varied across sites, even after adjusting for other factors. 

The odds of NCT-O among participants receiving 9H-SAT were 4.8 times higher among 

those who missed an early visit compared with those who did not (P < .001) and were 1.7 

times higher among those receiving 3HP-DOT (P = .05). In the 9H-SAT regimen, the odds 

of NCT-O were 2 times higher among men compared with women (P < .01). In the 9H-SAT 

regimen, the odds of NCT-O were 36% higher among participants aged <38 years compared 

with older participants (P = .001). Among men, the odds of NCT-O were almost 92% higher 

among participants with a history of incarceration compared with those without 

incarceration history (P < .001; Table 2).

Among the 6232 participants for whom data were analyzed, treatment was not initiated for 

71/3230 (2.2%) assigned to receive 3HP-DOT and for 77/3002 (2.6%) assigned to receive 

9H-SAT. The most common reason for not receiving any doses in the 3HP-DOT regimen 

was participant refusal (1.24%), whereas the most common reason in the 9H-SAT regimen 

was loss of contact with the participant for >3 months after enrollment and randomization 

(0.87%). No statistically significant correlation existed between the proportions of 

enrollment by site and noninitiation of LTBI treatment (Pearson correlation coefficient = 

0.21; P = .29; r2 = 0.046). Among those who received ≥1 dose (ie, initiators), the most 

common reasons for NCT were loss of contact for >3 months (in the 9H-SAT regimen 

[8.3%] only), followed by refusal to continue (5.0% in the 9H-SAT and 4.4% in the 3HP-

DOT), and AE (5.6% in the 3HP-DOT and 4.5% in the 9H-SAT regimen; Table 3). The 

combined NCT-AE plus NCT-O proportion decreased with an increase in the number of 

3HP-DOT doses taken (Pearson correlation coefficient = −0.93; P < .001; r2 = 0.86; Figure 

2), whereas the combined proportion of NCT in the 9H-SAT regimen decreased substantially 

after the first 30-dose interval (from 4.1% to 2.3%) and remained constant thereafter 
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(Pearson correlation coefficient = −0.68; P = .03; r2 = 0.46; Figure 3; Supplementary Table 

3). The proportions of NCT by enrollment site ranged from 0% to 33% (median, 22.5%). 

The proportion of NCT and the number of participants enrolled by site are shown in 

Supplementary Table 4.

Additional analysis of NCT-AE and NCT-O by year of enrollment did not reveal a clear 

trend when evaluated overall or stratified by regimen (supplementary Figures 1 and 2). 

Among the 3002 participants assigned to receive 9 months of isoniazid, 702 (23.5%) did not 

receive ≥162 doses in 23–36 weeks; however, 30 of these 702 (4.3%) continued treatment 

and were able to complete 9 months by taking 240 of 270 doses in 35–52 weeks of 9H-SAT. 

Among those who met the definition of 6-month treatment completion (2300/3002 = 

76.6%), 7.2% failed to complete 9 months of treatment (supplementary Figure 3). A 

Kaplan–Meier curve of NCT followed for ≤90 weeks and stratified by regimen indicated a 

significant difference between the regimens (Wilcoxon rank sum test, P < .001; 

Supplementary Figure 4). Most sites provided compensation to study participants, but 

methods and amounts were too variable for meaningful analysis.

DISCUSSION

Our analysis of factors associated with NCT was conducted among a large sample (n = 

6232) of adult trial participants. The most important finding was that among persons who 

discontinued for reasons other than an AE, those who missed an early visit and returned at 

least once later were more likely to discontinue the treatment regimen; this is consistent with 

results from Menzies et al who reported that adherence during the first month can be an 

early predictor of LTBI treatment completion [11]. The majority of discontinuations 

occurred early (Supplementary Table 5). NCT-AE was not associated with missing an early 

visit; however, NCT-O was strongly associated with missing an early visit, and this 

association was notably stronger for 9H-SAT (Supplementary Table 6). Our finding 

identifies an accessible group for targeted intervention to increase adherence. An early 

missed visit might be considered a “sentinel event,” indicating high risk of noncompletion, 

triggering additional efforts to sustain adherence. Such efforts might include contact shortly 

before and after each visit (eg, by telephone or with text messages), efforts to identify 

individual barriers to adherence, and efforts to provide individually significant incentives or 

enablers (eg, assistance with transportation, food coupons, cash, or shorter clinic wait times).

Overall, 6% of participants did not complete treatment because of an AE. Analysis of NCT-

O demonstrated a lower non-completion proportion for the shorter 3HP-DOT regimen 

(12.7%) compared with the standard 9H-SAT (24.5%; OR, 3.2; P = .02), suggesting that use 

of a shorter DOT regimen led to greater treatment completion. This finding is consistent 

with findings from other studies that evaluated the effect of treatment duration on adherence 

[4–6,12–17].

Additional factors associated with NCT differed between NCT-AE and NCT-O (Tables 1 and 

2). Male sex and younger age were associated with NCT for 9H-SAT but not for 3HP-DOT, 

and only for NCT-O. Younger age was associated with a lower proportion of NCT-AE, 

which might reflect greater tolerance of LTBI drugs among younger participants. In previous 
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studies, the association of age with NCT had not been reported consistently [5, 6, 18–21]. 

The odds of NCT-O among current smokers were 26% higher than among nonsmokers (P = .

01). Recent evidence suggests that associations between tobacco exposure and tuberculosis 

infection and disease are attributable not only to social factors associated with tuberculosis 

(eg, poverty, malnutrition, and crowding) but also to direct impairment of local immunity 

against tuberculosis [22]. Both sets of associations support the importance of LTBI treatment 

completion for this group. We also found consistent trends of association between the level 

of alcohol intake and NCT, either attributed or not attributed to an AE, in both the univariate 

and multivariate analyses. Prior studies have reported a similar association, mainly with 

isoniazid-based LTBI [19, 23–25]. Additionally, self-reported cirrhosis was associated with 

NCT in 9H-SAT but not in 3HP-DOT, further supporting the value of the combined regimen. 

Our data concur with data from at least 1 prior report of lower NCT among persons of 

Hispanic ethnicity; the reasons for these findings are not apparent [19].

Our study reveals that the odds of NCT-O were 92% higher among men with any history of 

incarceration compared with men without such history (P < .001). New incarceration was 

the reported discontinuation reason for 25 participants, of whom 18 had reported a previous 

history of incarceration. This might indicate risk for new incarceration in a participant who 

reports previous incarceration; in that setting, use of a shorter regimen has evident 

advantage. It has also been reported that the NCT rate remains high after inmates are 

released from jail while on therapy [26–28]. Recently, the Federal Bureau of Prisons adopted 

3HP-DOT as its standard LTBI regimen, after a pilot study reported 93% treatment 

completion with 3HP-DOT [29]. Use of shorter regimens might increase rates of completion 

among this challenging group.

Others have reported that site characteristics (eg, inconvenient clinic hours, long waiting 

times, unsympathetic clinic staff, lack of physician communication skills, strained 

physician–patient relationship, lack of incentives or enablers, and high travel-related 

expenses) can have a major impact on medication adherence [30–32]. Such characteristics 

might be responsible for some of the variability among sites in NCT (Supplementary Table 

4). One limitation of this study was that site-specific characteristics and practice were not 

evaluated in detail. Also, differential ascertainment for AEs such as hepatotoxicity might 

have influenced clinical decisions regarding treatment discontinuation.

Factors evident at enrollment or at early visits are associated with completion vs 

noncompletion, suggesting interventions that might be usefully targeted. Social and 

demographic findings significantly associated with NCT (eg, smoking, alcohol use and 

abuse, intravenous drug use, history of incarceration, homelessness, and unemployment) 

could assist in identifying persons to be targeted with efforts to improve adherence. 

Characteristics associated with participants who discontinued treatment attributed to an AE 

(eg, use of concomitant medications, alcohol consumption, and reported cirrhosis at 

enrollment), although not modifiable, might identify patients needing closer monitoring.

Important differences may exist among clinics and persons participating in a clinical trial 

compared with those in purely programmatic settings. Clinics that participate in clinical 

trials are typically competitively selected, high-performance sites. Persons who participate in 
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a lengthy follow-up trial might differ from those who decline to participate. However, some 

shared factors have been consistently identified in both research and nonresearch settings 

[19, 23, 24], suggesting that our findings are relevant to programmatic settings. Factors 

associated with NCT merit further evaluation. These findings might identify persons for 

whom tailored interventions could improve completion of LTBI treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of participants evaluated for factors associated with noncompletion of latent 

tuberculosis infection (LTBI) treatment in North America (PREVENT TB trial). This figure 

shows the number of participants who were enrolled in the trial, the groups that were 

excluded from the analysis, and the remaining cohort that was evaluated for factors 

associated with noncompletion of latent Mycobacterium tuberculosis infection treatment. 

Exclusion criteria include the following: current confirmed tuberculosis; suspected 

tuberculosis; tuberculosis resistant to isoniazid or rifampin in the source patient; history of 

treatment for >14 consecutive days with rifamycin or >30 consecutive days with isoniazid 
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during the previous 2 years; documented history of completing adequate treatment for active 

tuberculosis or latent M. tuberculosis infection in a human immunodeficiency virus (HIV)–

seronegative person; history of sensitivity/intolerance to isoniazid or rifamycin; serum 

aspartate aminotransferase (AST) >5 times the upper limit of normal if AST was 

determined; pregnant or lactating females; persons currently receiving or planning to receive 

HIV-1 therapy ≤90 days after enrollment; or weight <10.0 kg. aThis analysis includes 

enrollment sites from the United States and Canada. Enrollment sites from Brazil and Spain 

were excluded; bThis analysis considers adults aged ≥18 years only; cPREVENT TB trial 

reasons for ineligibility include source patient’s infection resistant to isoniazid/rifampin 

(50%) and source patient being culture negative (31%), or other (19%); dReasons for LTBI 

treatment (not mutually exclusive) include the following: contact with infectious 

tuberculosis patient (n = 4156), tuberculin skin test converter (n = 2205), HIV-positive (n = 

140), or fibrosis (n = 181); eNoncompletion of treatment attributed to an adverse event (AE) 

was designated if participants discontinued treatment after experiencing an adverse drug 

reaction associated with either 3 months of directly observed once-weekly rifapentine 

(maximum dose, 900 mg) plus isoniazid (maximum dose, 900 mg) (3HP-DOT) or 9 months 

of daily self-administered isoniazid (maximum dose, 300 mg; 9H-SAT) that was considered 

definitely, possibly, or probably related to the study drug(s) by the site investigators (n = 

311); if participants discontinued the regimen because of the physician’s preference and had 

a related AE of grade 2 or higher ≤3 days after their last regimen dose; or if the participant 

experienced tuberculosis or died ≤7 days after the last study dose.
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Figure 2. 
Percentage of participants assigned to receive 3 months of directly observed once-weekly 

rifapentine (maximum dose, 900 mg) plus isoniazid (maximum dose, 900 mg) (3HP-DOT) 

who did not complete latent tuberculosis infection (LTBI) treatment attributed to an adverse 

event (AE) and attributed to reasons other than an AE, by maximum number of doses taken 

(n = 3230). This figure shows that the combined proportion of participants who did not 

complete LTBI treatment attributed to an AE plus the proportion of those who did not 

complete treatment for reasons other than an AE decreased with an increase in the number 

of 3HP-DOT doses taken. Pearson correlation coefficient in a linear regression model = 

−0.93; P< .001; r2 = 0.86. a11 doses in <10 weeks (3 [0.1%]), 11 doses in >16 weeks (7 

[0.2%]); b12 doses in <10 weeks (21 [0.7%]), 12 doses in >16 weeks (27 [0.8%]). 

Abbreviations: NCT-AE, non-completion of LTBI treatment attributed to an adverse event; 

NCT-O, non-completion of LTBI treatment attributed to reasons other than an adverse event.
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Figure 3. 
Percentage of participants assigned to receive 9 months of daily self-administered isoniazid 

(maximum dose, 300 mg) (9H-SAT) who did not complete latent tuberculosis infection 

treatment (LTBI) attributed to an adverse event (AE) and attributed to reasons other than an 

AE, by doses taken (n = 3002). This figure shows how the combined proportion of 

participants who did not complete LTBI treatment attributed to an AE plus the proportion of 

those who did not complete treatment for reasons other than an AE in the 9H-SAT regimen 

decreased after the first 30-dose interval and remained constant thereafter. 9H-SAT: ≥240 

doses in ≥52 weeks (60 [2.0%]). Pearson correlation coefficient in a linear regression model 

= −0.68; P = .03; r2 = 0.46. Abbreviations: NCT-AE, non-completion of LTBI treatment 

attributed to an adverse event; NCT-O, non-completion of LTBI treatment attributed to 

reasons other than an adverse event.
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